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CHANGES OF PREFERRED ORIENTATTON IN HOT-PRESSED ALUMINA DURI} iG CREEP

‘Tadaaki Suglta and Joseph A. Pask

[According'to Hamano, KinoShita end Oishi;l_hot pressing of elumina
results in-preferrea orientation of the alumina graine SO thai their
basal planes tend tq lie perpendicular to the pressing direction. The
observed preferred-orientation was hypothesized to be due to alignment
or to preferential grain growth of the particles'during hot pressing.

Creep experlments were done to determine whether. rearrangement of the

_vgralns durlng hlgh temperature deformatlon could have contrlbuted to the

dbservedwpreferred'orlentatlon.

Alumina specimens were prepared,by hot pressing Linde Alzoa powder

of 99. 97 purlty doped with 0 025 wt7 of Mgl in graphlte dies at 1500°C
: for 60 min: to 99 5% dens1ty.‘ The average grain size was 3um. Specimens,

,-5x5x10.mm, were cut with the long diﬁeﬁsion perpendicular or parallel

to the hot—bressing.direction. The surfaces were ground smooth on a 40O

~grit diamond abrasive wheel. Creep tests were performed in uﬁiaxial com-

- pression at 1&50°C in air. The high temperature compre551ve deformation

equipment was of the cantllever type descrlbed by Hulse and Copley.2

Compressive strain was determined by measuring the movement-ofAthe top

 of the upper alumina rod (50 mm &:a. ) using a linear variable differential

¥The writers are, respectively, professor of precision engineering,
Faculty of Engineering, Kanazawa University, Kodatsuno, Kanazawa,
Ishikawa 920, Japan, and professor of ceramic engineering, Inorganic
Materials Research Div., Lawrence Berkeley Lab., and Dept. of Materials
Science and Engineering, College of Engineering, University of California,
Berkeley, California.
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transformer in combination with a recordlng potentloU°uer.' The apparatus
was callbrated by measurlng the movement of the alumina rod at the test
temperature with no specimen upder several loads. OrlentatlonS'of graius
were determiued by eramination of fracture surfaces uithAan X—ray dif;
fractometer. |

The incremental stress technique was used iﬁ the creep experiuent.
A stress uas'maintained constantpuntil steady-state creep #as.reached'.
and was thenAinstantaneously increased or decreasedpand maintained con--
stant'until-the'creep rate was again steady.3 |

Figure 1 shows the creep results for spec1mens with the rndlcated
relatlonshlps of the 1oad1ng and hot-press1ng d1rections. It is evident
that the compre551ve creep ‘deformation was accelerated when the creep |
direction was perpendlcular to the hot—pre331ng dlrection (curve (a)).
The stress exponents (slopes of the curves) are l”8.and 1.6, 'reSpectively;
Thls data is’ con51stent with a grain boundary slldlng model proposed by |

Langdonh and observed experlmentally by Suglta and Pask.5

The - labeled surfaces in Fig. 1 were examlned by X—ray dlffractlon
before and after creep. As pointed out by Hamano et al. the ratio of
the 1nten51t1es of the Bragg reflections for the (Olh) and (113) planes
_from a grven surfacevcan be used as a measure of the alignment of the
A1,03 grainsr_ A greater increase of the 1nten51ty of the (o1k) peak oy
Vrelatlve to a spaller 1ncrease or decrease of the (113) peak, and thus V CJ
an increase of their ratlo, indicates an 1ncrease_of the preferred
, crientation of the grains with the basal planes parallel to the surface.

A decrease of this ratio also indicates an increase of the alignment of

the grains but with the basal planes now becoming more perpendicular to
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the examined surface. As examples, Figs. 2 and 3 show the pertinent
portions of the X-ray diffraction.patterns for surfaces "3" and "1",
respectively, of specimens oriented as in Fig. la. Table I lists the
intensity ratios that were obtained from the indicated surfaces before
and after creep at 1L50°C for %15 h under‘stresses of 100 to LOO kg/cmz.
Similar data were obtained using infegrated intensities.

A comparison of the rﬁtios in Table I from suffaces before creep
indicates that some preferred orientation occurred on hot pressing, as
reported,; with the basal planes tending to be parallel to surface "3"
which is perpendicular to the hot-pressing direction. After creep,.the
basal planes tended to align parallel to the surface perpendicular to the
loading direction. Thus, for specimens whose creep direction was per-
pendicular to the hot-pressing direction (Fig. la), surface "1" on the
basis of the change in ratios shéwed an increase in the degree of parallel
alignment of the basal planes, surface "3" showed a décrease in parallel
'aliénment, and surface "2" showed an-increase in the alignment.of the'
basal plgﬁes but perpendicular to the surface. The ratios for specimens
whose creep direction was parallel to the hot-pressing direction (Fig. 1b)
suggest an enhancement of the alignment of the basal planes perpendicular-
to this direction. The accelerated creep for the specimen with the hot-
préssing'direcpion perpendicular to the compressive creep direction shown
in Fig. 1 is consistent with the observed realignment mechanisms.

. Although the data is not rigorously quantitative, the trends support
the hypothesis that grain rotations accommodated by grain boundary
slidings qontribute to the preferred orientation occurring duriné con-

pressive deformation and compaction.
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Fig. 1.

Fig. 2.

Fig. 3.

FIGURE CAPTIOIlS

Effect of creep direction relative to hot'pressing,direction

‘on creep rate of alumina at 1L50°C.

X-ray diffractometer patterns of hot-pressed alumina on surface

."3" in orientation of Fig. la: (a) before creep, and (b) after
creep at 1450°C for V15 h under stresses of 100 to 400 kg/cm?.

X-ray diffractometer patterns of hot-pressed alumina on surface

"1" in orientation of Fig. la: (a) before creep, and (b) after

creep at 1450°C for a&s h under stresses of 100 ﬁo Loo kg/cm?;




IR RR

l

|

)

True Strain Rate, & (sec™)

| 11

]

it

(a) . {b)

> Creep direction

— Hot-pressing direction

Lol o L

L1t

|

Stress, o (kg/cm

103
2)

XBL 729-6886

‘Fig. 1



(a)

(P10) e




— (014)

(110)

C(b)

(113)

o

§
=~

. Fig. 26



=10~

(o)

g ‘311

(Oll)

kW

(10) ————




-4

-11- o )

(b)

m3

Fig.



LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.




~ -

TECHNICAL INF OWEMP TION DIVISION
LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720



